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1.0 INTRODUCTION 
nASA/Ames procured a digital visual system from LINK Division 
of the Singer Company. This system was designed for use 
with the Vertical Motion Simulator to perform basic studies 
on VTOL/STOL (Vertical/Short Takeoff and Landing) aircraft. 
The visual system was a production of the F-111 systems 
procured earlier by the Air Force with a few minor modi-
fications. Basically the modifications were: 
• the addition of a visual channel (from three to 
four channels), 
• the use of a vertically scanned display instead of 
a horizontally scanned display, 
• the addition of VTOL/STOL runways to the Plattsburgh 
and Pease airdrome data base, and 
• the inclusion of two ships (an LPH and a Spruance 
class destroyer) in the data base. 
Because the visual system was basically a production follow-
on, it was difficult to include in the contract unique 
visual effects that were developmental in nature yet would 
be highly desirable for the VTOL/STOL research task. Among 
these important visual effects are such considerations as 
realistic sea state, bow and stern wake, and ship motion 
without implementing complex ship/ocean priority computations. 
Until now these effects in digital visual systems have been 
somewhat crude because of limited image processing capability. 
Therefore the visual effects produced have been unsatis-
factory. 
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A Study Contract ""as awarded to LINK to develop data bases 
and/or real-time techniques to improve the realism of sea 
state, bow and stern wake, and ship motion. Experiments 
would be performed on the LINK Research Visual Simulator in 
their Sunnyvale Laboratory. 
This report presents the results of LINK's study. LINK has 
prepared 35 rnrn slides and a 16 mrn film portraying this work. 
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2.0 SCOPE 
Since the NASA/Ames simulator is experimental in nature, it 
was difficult to predict beforehand what special visual 
effects might be required. A great many possibilities 
unique to naval operations were reviewed with the technical 
personnel at NASA/Ames. Among those not previously 
mentioned were smoke, clouds (other than the standard 
visibility effects), rotor downwash, own shadow, landing 
officer hand and wand signals, white caps, and bow and stern 
wake as a function of history. It was agreed that although 
these effects were useful and would be of eventual interest, 
the basic modeling techniques necessary for sea state, bow 
and stern wake, and ship motion would demonstrate that the 
others could be implemented when time and funds. permitted. 
It was further agreed that the techniques devised should be 
as simple as possible to achieve the desired effects. Edge 
generation capabilities of the visual system would not be 
expended at the cost of overall scene complexity. Since the 
visual system was a production follow-on, none of the 
proposed visual effects could involve further hardware 
changes and hopefully software modifications would be kept 
to an absolute minimum. The latter consideration excluded 
using additional moving objects for these effects. These 
restrictions limited the effects being produced to additional 
data base modeling, data base rearrangement, or small real-
time subroutines that could be called. 
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Hherever possible, the solutions were to be modeled and 
displayed in real-time on the LInK Research Visual Simulator 
for evaluation by NASA/Ames technical personnel. 
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3.0 PROGRAH 
Few visual perception studies have been performed using 
digital visual systems much less studies directed toward 
requisite ocean/ship effects. Past experiments on terrain 
features, runways, etc. do not necessarily apply to sea 
state or ship wakes. Without benefit of previous literature 
or experiments in this technical area, basic assumptions 
had to be made regarding pattern sizes and, in some cases, 
the repetition rate of the patterns. These variables can 
be further investigated at some later date. 
3.1 Sea State 
3.1.1 Static 3D Waves 
It was assumed that LINK had no previous experience in 
making 3D waves and, therefore, could not predict the 
appearance 'of irregularly modeled mounds (as it turned out, 
not unlike the method of building mountains). These "mounds" 
were scaled smaller than hills and coded blue rather than 
green. Nhen the results of the first model \vere displayed, 
it became apparent that the problem with 3D waves is 
identical to the problem with the appearance of low hills 
in nap-of-the-earth flight. The problem is that there is 
little difference in the shading of the faces that make up 
the "mounds". ~lhen smooth shading (Appendix I) is applied, 
any resemblance to a 3D feature and any indication of shape 
is totally washed out (see Figure 1). 
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Figure 1 
3D Static Waves 
Figure 2 
Ocean Surface 
(Without Smooth 
Shading) 
Figure 3 
Ocean Surface 
(With Smooth Shading) 
On other military helicopter programs, LINK investigated 
many modeling techniques to alleviate this problem. Among 
these techniques were overly accentuating sun shading, out-
lining faces in 3D objects, and placing a checkerboard 
pattern on 3D features. ~fuereas these techniques can be 
somewhat accepted by the viewer in terrain (there are 
regular field patterns in many areas), they are totally 
unacceptable in an ocean scene. 
3.1.2 Moving 3D Haves 
Translating the 3D pattern would not change its appearance 
(over a static 3D pattern) because the sun angle with 
respect to the faces would not change. Therefore, several 
other techniques were suggested and the effort to implement 
them estimated. These techniques included rotating the 3D 
objects, switching 3D objects in and out of the scene 
(leveling), etc. All were difficult to implement and did 
not give promise of providing a useful and desirable visual 
effect even if the implementation were successful. 
At the same time that this part of the study was being 
carried out, work was progressing on the 2D approach to 
sea state. Some of the early results of the 2D investigation 
appeared to offer better visual effects than the 3D efforts 
and further work was concentrated on the 2D patterns. 
3.1.3 2D Sea State 
The first attempts to develop sea state were made utilizing 
a static 2D pattern. Several different regular patterns 
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were modeled and displayed. Although these types of patterns 
have been tentatively accepted for nap-of-the-earth flight 
(UH-60A simulator), their regularity makes them disconcerting 
for expanses of water. Originally. we had assumed that the 
patterns could be modeled with subtle differences in 
intensity so that the appearance would not be objectionable 
but the eye is much too sensitive to even slight intensity 
changes, particularly along straight lines between faces. 
An example of a nonsmooth-shaded regular pattern with 
many intensity levels is shown in Figure 2. 
These patterns were also modeled so that they could be 
smooth shaded. That is, the intensity between faces was 
extrapolated along each scanline so as to eliminate the 
sharp discontinuity in intensity from one face to the next. 
It was presumed that this "smoothing" in a 2D pattern would 
be sufficient to give a visual impression of ocean surface. 
The pattern of Figure 2 was smooth shaded and is shown in 
Figure 3. This is obviously an improvement over a non-
smooth-shaded sea state. However, the scene appeared much 
too static and lifeless to properly convey an ocean surface. 
For this reason,. it was decided that a method of changing 
the apparent intensities of the ocean patterns as a function 
of time would be highly desirable. 
3.1.4 Dynamic 2D Sea State 
The basic approach in generating a dynamic sea was to model 
a pattern of smooth-shaded faces with modified vertex 
normals. Since the cross-product of the vertex normals and 
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the sun vector controls the shading of the faces, many 
different patterns can be generated by modifying vertex 
normals while the contrast of these patterns can be increased 
by moving the sun downward from the zenith. The latter is 
shown clearly in Figures 4, 5 and 6. Figure 4 was taken 
without a sea pattern and Figures 5 and 6 show the contrast 
of the smooth-shaded sea pattern at two different sun angles. 
The initial implementation of this approach was to modify 
the vertex normals in the object descriptions of the sea 
pattern in a predetermined sequence. This would cause the 
faces to change in a cyclic sequence. It was determined 
that it was necessary to update the normals at display frame 
rates to prevent noticeable stepping between patterns. 
Updating the normals at frame rates proved to be an -extremely 
difficult software task and the time necessary for its 
execution exceeded the available CPO time. A simpler method 
of implementat~on was then developed as follows (see Figure 
7). A single sun vector is normally sent each frame for all 
objects in the data base. By separating the objects for the 
sea pattern, it was possible to assign a second sun vector 
for this particular group of objects. Computing only a new 
sun vector each frame for the entire sea pattern made it 
possible to achieve the same-visual appearance as the original 
attempt at implementation (updating each of the face normals), 
but with considerably less real-time software. The single 
sun vector computation for the sea state required less CPU 
time in the real-time software than in the initial face 
normal implementation. ~;ith only one vector to change, it 
was also possible to use a more complex vector modification 
algorithm. 
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Figure 4 
Sea State 0 
(No Pattern Contrast) 
Figure 5 
Sea State 1-2 
(Moderate Pattern 
Contra'st) 
Figure 6 
Sea State 3 
(High Pattern 
Contrast) 
DYNAMIC SEASTATE 
FROM INITIALIZATION 
... 
.. ,iI 
READ SUN 
POSITION 
FOR OCEAN 
UPDATE SUN 
POS IT ION 
FOR OCEAN 
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FOR OCEAN 
OUTPUT OCEAN 
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TO DIG 
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DATA BASE 
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FOR ALL OTHER 
DATA BASES 
DISPLAY ALL 
OTHER DATA 
BASES 
-, 
SUN POSITION UPDATE 
INPUTS t.e AND b.w 
w = w + b.w 
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Figure 7 Dynamic Sea State Technique 
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The sun vecto.r, ",lhen ro.tated in a circular mo.tio.n, causes 
the sea patterns to. change realistically. Changing the 
ro.tatio.n rate sinulates vario.us agitatio.ns o.f o.cean surface. 
Figures 8 and 9 shew hew the intensity ef each square in 
the sea pattern changes as the sun alters its pesitien as 
a functien ef time. The smeeth shading was turned eff for 
these pictures to. make the technique ebvieus. Figur.e 10 
is the sea pattern shewn in Figure 9 with the smeeth 
shading turned on. This effect, ceupled \V'ith the fact 
that the angle ef the sun vector contro.ls the centrast on 
the pattern (as described previously) is useful in generating 
a number of different sea states. 
The faces cemprising the sea pattern were digitized as 
illustrated in Figure 11. If a smeeth-shaded face has mere 
than 3 vertices, the face is divided into. triangles by 
the digital image generater as illustrated by the dashed 
lines in Figure 11. This particular method \-las used because 
it makes the resulting pattern have peaks and oips with the 
fewest number of faces and edges. A complete discussion of 
the digital visual system's technique to smeeth shade 
objects and hew this is applied to 2-D surfaces is included 
in Appendix 1. An autematic method to assign vertex nermals 
to preduce various sea patterns is also. discussed. Three 
different patterns ef vertex normals were examined: 
1. Hhen the vertex normals 'Vlere assigned in a 
randem basis, the resulting dynamic pattern was 
that ef a cenfused sea. 
2. When the vertex normals \vere cemputed as a sine 
wave on edd rows and its mirror image on even 
row~, the pattern looked unrealistically distinct. 
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Figure 8 
Ocean Surface 
Time = tl 
(Without Smooth 
Shading) 
Figure 9 
Ocean Surface 
Time = t2 
(Without Smooth 
Shading) 
Figure 10 
Ocean Surface 
Time = t2 
(With Smooth Shading) 
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Figure 11 Face Digitization 
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numbers represent 
vertex numbers 
3. lilien the vertex nor~als were computed as a sine 
wave on all rows, the pattern appeared as a series 
of bands moving in parallel, not unlike ocean 
swells. 
Of the three patterns mentioned; the random pattern appeared 
to be the most acceptable visually and was incorporated into 
the simulator. 
3.2 Bow and Stern Hake 
3.2.1 Bo\t/ and Stern tlake Simulation 
Previous modeling of ship ·bow and stern wakes were simply 
modeled data base faces, usually in the shape of a white "V" 
beginning at the bow of the ship and abruptly terminating a 
fixed distance behind the ship. These faces overlaying the 
large blue faces that comprised the Qcean provided a 
completely unrealistic and undesirable visual image to the 
pilot. Duplicating this procedure on the research simulator 
demonstrated that clever "blending" of colors through the 
use of numerous faces and smooth shading did :hot ~lholly 
satisfy the observer. It was decided that no modeling 
approach would be satisfactory unless it were dyna~ic. 
3.2.2 Face Supstitution 
In an attempt to generate moving objects such as the ship 
bow wake, ~any different schemes were considered. Usually 
15 
these amounted to a wake moving object which traveled with 
the ship. Efforts \V'ere made to make the complex bow-\vave 
motion using the simplest real-time motion possible. 
Initial attempts made the moving object in the shape of a 
cam. As' the object rolled about its axis (as it moved with 
the ship), it would continously present a different shape 
(and height above water) to the eye. The implementation of 
this scheme proved to be quite laborious and required two 
real-time moving objects (one for each side of the ship) 
involving many scene edges. 
Atter:tpts to simplify the "moving object" procedure indicated 
that a method would have to be developed that was a radical 
departure from the straight-forward approach. After 
several attempts, the movie industry animation ,methodology 
was employed and a series of sequenced faces \vere used to 
make an object enlarge and decay in a programmed fashion. 
A procedure was developed whereby all of the sequential 
faces were made part of the moving object with which they 
were associated--in our case, \vith the ship moving through 
the sea. This procedure is shown graphically in Figure 12. 
Four actual frames taken from the display are shown in 
Figure 13. As the moving object was transferred from the 
active data base, one of the bow-\.;rake faces· was trans- . 
ferred with it and subsequently displayed. After a fixed 
number of frames, a pointer would substitute a second face 
for the first and subsequently display it with the ship. 
The rate at 'vV'hich the subsequent faces ,lere transferred and 
the difference between subsequent faces produced the dynamic 
movement. The selection of these two parameters along with 
the selection of various colors can be used to produce a 
wide range of effects.', 
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Figure 12 .Moving/Growing Objects (Bow and i"lake) 
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Figure 13 
Four Faces 
(Not Contiguous) of 
the 28 Faces 
Comprising the 
Dynamic Bow Wake 
Pattern 
This technique of effectively modifying the digital data 
base in real-time gave rise to many of the other effects 
disucssed herein. 
3.2.3 Use of Modified Sea State Pattern 
The bow wake generated as described in Section 3.2.2 tvas 
extremely realistic when viewed from an eye position close 
to the surface of the sea. However, when observed from near 
vertical the faces comprising the bmV' become almost invisible 
(the faces have no thickness). Attempts to make the bow a 
3D pattern turned out to be complex. (Later tV'ork on object 
substitution, would have simplified the implementation, but 
these techniques were developed too l~te in the program to 
be thoroughly investigated.) It \laS then determined that 
the design approach used to implement the sea state pattern 
could also be used for bO\l and stern wake. Several patterns, 
pattern colors, pattern sizes, sun vector angles, and sun 
vector speed~ were modeled and displayed on the research 
simulator. After several iterations when the speed of the 
sun vector rotation was increased substantially, a "churned 
"later" effect was created. Figure 14 shmls the bow and 
stern tvake taken from thje research visual' simulator. These 
images were demonstrated to NASA/Ames personnel and the 
pattern size shown in Figure 14 was selected for 
incorporation into the delivered simulator. A small hard\lare 
modification was incorporated.into the' delivered image 
generation hardware so that ttvO of the levels of image 
detail were added together rather than the normal method of 
simply replacing one level of detail for the other. This 
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Stern Wake - LPH2 (Without Smooth Shading) 
Bow and Stern Wake - LPH2 (With Smooth Shading) 
Figure 14 
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means that the changing intensities of the pattern making up 
the ocean image were added to the more rapidly changing 
intensities of the ship wake pattern. This provided an even 
greater turbulent effect. 
3.3 Ship Hotion 
3.3.1 Occulting (Ship/Sea) 
The realistic portrayal of sea state demands a substantial 
amount of ship pitch and roll. Other ship movements such as 
heave and sway, are important to landing/takeoff simulation 
but do not make additional demands on the visual system. 
Personal communication with NASA/Ames technical personnel 
has established that landing and takeoff can reasonably be 
expected to be performed ~dth pitch less than 5 ° and .roll 
less than 8°. 
The \-mrst case for ship/sea occulting would be from a 
position close to the ocean surface. Viewed from this 
position, it appeared necessary to model to some distance 
below the waterline so that the hull can be seen when the 
ship is pitched up, and conversely, less hull above the 
waterline can be seen when the ship is pitched down. This 
causes a mutually exclusive v~sual object priority problem. 
If the ship has higher priority than the ocean, the ship can 
be seen below the \vaterline to the point that it was modeled 
(this makes it appear to "float" on the ocean at the lowest 
point digitized). On the other hand, if the ocean were to 
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have higher priority than the ship, the ship \'lould not 
appear except for the area above the horizon. Any occulting 
schemes that involved paths or seams in the ocean were 
discarded because they would permit only preprograrnrned ship 
motion. The following is a discussion of methods that 
were experimented with during this program. 
3.3.1.1 "rioving Box" Occulting rIethod 
Occul ting the part of the ship which is below the ~later can 
be accomplished by positioning a box (open at the top) 
around the sh~p from the waterline down. The box must be 
the same color as the surrounding water and must have a 
higher priority than the ship. 
The assignment of color, intensity and priority of the 
box are easily accomplished. Color and intensity are 
chosen during modeling. The priority of the box is accomp-
lished by making the box a separate object list and setting 
its priority during initialization of the real-time program 
to be greater (lower number) than the ship's parts. 
The accuracy of this method decreases \vi th in<;=reasing 
, 
altitude of the viewing point. This accuracy can be 
maximized by making this box as close to the shape of 
the occulted parts of the ship as possible. The ship 
then appears to rise, fron and disappear into the sea \lhen 
it' actually is being occulted by the moving box. 
This method was demonstrated to NASA/Ames personnel and is 
effective. Hmvever, a simpler nethod (using no moving 
object and fewer edges) is more desirable. 
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3.3.1.2 Face Substitution rlethod 
It was originally assumed that if the ships' were to b.e 
modeled only to the \laterline (effectively "floating" on the 
ocean surface), an eyepoint close to the water would detect 
space below the bow and stern when the ship pitched up and 
down. Before the modeling of the ship was completed, several 
methods of occulting other than the moving object method. 
discussed in the previous paragraph were investigated. ~he 
most promising of these was a modification of the face 
substitution method used for the bow wake. Basically, it 
involved using a series of wedge-shaped faces of pro-
gressively larger sizes to "fill" the space between the 
bottom edge of the ship (waterline) and the surface of the 
ocean as the ship pitched up, and the removal of the wedge-
shaped faces as the ship pitched down. ~hese \vould be 
inserted (or removed) in real-time as a function of the 
angle of pitch (see Figure 15). 
(Roll is not a problem because the face used on the bottom 
of the ship appears to be simply the extension of that 
portion of the ship below the waterline exposed during 
roll. ) 
Several simple experiments \lere attempted and there is no 
reason to doubt that the nethod would work when fully 
inplenented. However, two factors halted further investi-
gation - one was that the amount of effort was greater than 
the budget allo\led for this item and, more inportantly, the 
completion of the actual ship model gave us better insight 
into the problem. 
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3.3.2 Necessity of Occulting 
Hhen the modeling of the two ships (DD963 and LPH2) 'used for 
the study \Vas completed, the LPH was programr.ted as a real-
time moving object and dr"iven realistically through the 
ocean data base. Pi tch \'laS prograr.tr.ted in as 10 0 \'lhich is 
double the maximum worst case excursion permissible in 
landing/takeoff (6.8 0 roll, 50 pitch as per NASA/Aces 
technical personnel). ~he LPH in these experir.tents was 
modeled only to the waterl ine. ~he completed scene !vas 
dynamically der.tonstrated to NASA/Ames technical personnel as 
well as to numerous other pilots. At no time during any of 
these demonstrations was any objection raised, nor was 
attention called to the fact that vlhen the ships pitched 
down the length of the prow did not shorten. In fact, the 
comr.tents were unanimous that the ships notion \laS "realistic". 
~he movie that accocpanies this report bears out this con-
tention. 
It is therefore, my strong recomr.tendation that the ship 
models used in the visual simulator simply be modeled to the 
waterline and have priority over the ocean surface. ~his 
has been shown to be entirely realistic and eliminates the 
need for complex modeling and use of additional noving 
objects for more "proper" occulting. 
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4.0 conCLUSImT 
Two important digital visual techniques became evident 
during the course of this study. The first was the real-
time data base manipulation procedure which \V'as used for 
producing a realistic dynamic bow wake without resorting to 
the use of moving objects. The second \;as the separation of 
the object list in the data base so that separate sun vectors 
for each set of objects could be outputted to the image 
processor. In the latter case, the appearance of dynamic 
sea state resulted from the use of a constantly changing sun 
vector and a randomly modeled blue checkerboard. The results 
of the application of these two techniques are an indication 
of the kinds of visual effects that remain to be implenented 
on digital visual systems \lith little more than imagination. 
Both of the techniques used can be considered successful 
because l~ttle additional data base is required, few additional 
. . 
edges have to be processed, and only an insignificant amount 
of real-time is required. In these particular cases, it can 
be stated that the visual impact of the· resulting scene is 
far greater than the small amount of visual system capacity 
that it uses. Because the stated objectives of this study 
were directed toward realistic sea scenes, data base mani-
'pulation and programmed sun vector were used solely to 
produce dynamic bow wake and dynamic sea state respectively. 
However, the techniques can be used to produce many other 
visual effects. Face and/or object substitution can be used 
for solid or semi-opaque dynamic objects that could simulate 
26 
smoke, helicopter rotor blades, weapons effects, dust, fire, 
and weather effects. ~he programmable independent sun 
vectors can possibly be used for cloud cover, \~eather, grain 
fields, and rotor downwash. 
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5.0 RECOrHIEUDATIONS 
Until recently, digital visual systens were so linited in 
scene processing capability and real-time processing that 
the delegation of edges by the user and their movenent was 
limit~d to the basic training tasks. Usually, these tasks 
involved rum'lays, taxi~vays, a few terminal buildings, and in 
some cases, a single moving object. 
The newer vi~ual systens on the other hand, actually have 
more capability than the user (and sometimes the manufac-
turer) utilize profitably. In most cases, after the 
immediate training task is modeled and driven properly, the 
remainder of the processing is used for "the surrounding 
area" and "more moving targets". A better approach may be 
to spend more effort in efficiently utilizing the additional 
processing to create an overall visual "impression" that nay 
aid in better user acceptance of computer generated imagery. 
Visual techniques, other than those pursued in this study 
certainly only await a requirement and some imagination. 
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APPENDIX I 
Smooth Shading 
A-I 
Curved Surface Simulation. A 
flat-faced object can be nade to 
appear rounded through the appli-
cation of snooth shading. In this 
technique, the first step is the 
construction of vectors at right 
angles to the flat faces. These 
"normal vectors" apply to whole 
faces, so that the illumination 
changes abruptly as the scanline 
crosses from one face to the next. 
To nake the variation smooth, the 
normal vectors for a group of 
adjacent faces are averaged to 
produce a vector that points in a 
direction median to the others. 
This vector is placed at the 
vertex where those faces join one 
another, and becomes knm·m as a 
"vertex normal". The angle be-
tween this vector and the line to 
the sun is then computed, and an 
intensity calculated from the 
cosine of the angle - except that 
now the brightness is assigned to 
the vertex rather than a whole 
face. 
'The next 'step occurs after the 
projection of the vertices to the 
picture plane. As a scanline 
passes through the picture, 
cutting through a display edge, a 
brightness value at the point 
where it cuts is computed by 
interpolating between the bright-
ness values at the upper vertex 
and the Imler vertex of that edge. 
~he same is done for the other 
edge defining that same face on 
this scanline; then the system 
interpolates bet~"een those blO 
brightness values along the scan-
line. The result is a smooth 
shading \lhich gives the object a 
rounded appearance, and which 
realistically changes as the angle 
of the obj ect \li th the sun changes. 
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S~ooth shading can also be applied to flat objects to create 
special effects. Figure 1 sho\.;s the nethodology for 
obtaining the appearance of a confused sea. The effect can 
be achieved by arranging a nunber of rectangular faces on a 
flat surface and applying s~ooth shading. The vertex nornals 
are arranged in a predeternined pattern, then under the 
influence of the sun shading co~putations, the faces take on 
an undulating blue shade. As the sun is rotated in a circular 
~anner (direction of sun illunination changed) the dark areas 
change to light areas and vice versa. This change in shading 
is perceived as ~ovement in the surface. 
The predeternined pattern for assigning vertex nornals, as 
mentioned above utilizes a simplified equation for conputing 
wave patterns by assuning they are pure sine waves. 
Cons ider ttiO sine \iaVeS, one travel 1 ing on the :{ axis and t!1e 
other at an angle e to the X axis. 
PRIMARY 
WAVE 
PERIOD 
U 
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Lettinry L1 and L2 represent the periods of two waves and e 
represents the angle between them then for any (X,Y) 
= sin [(mod (X,L1)/L1 ) 2~] Let Zl 
Let Z2 
Let Z 
= sin [2 ~ (mod (sin cP y + cos cP X, L2 )/L 2 )] 
= Zl + Z2 
Since the limit of the sine function is -1 to +1, then Z 
will range fran -2 to +2. Z can be scaled so that it serves 
as an index into a table of normals. 
Letting 
N = size of table 
I = entry into table 
This table is filled by (for nornal I = i + j + k): 
a = 
rb = 
i = 
j = 
k = 
predetermined vertical angle 
I. 211' 
N 
cos rb cos 
sin rj) cos 
sin a 
z 
a 
a 
norma 1 
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Figure 1 Confused Sea State 
A-5 
1. Report No. 2. Government ~ion No. 3. Recipient's Cata'og No. 
NASA CR-166292 
4. TIt'e and Subtitle 5. Report Date 
June 1980 
VTOL/STOL VISUAL STUDY S. Performing Organization Code 
7. Author(s' 8. Pllriorming Or9lniation Report No. 
Frank P. Lewandowski 
10. Work Upit No. 
9. Pllriorming Ol"gll1ization Name Ind Addrea 
Singer-Link Division 11. Contract or Grlnt No. 
Sunnyvale, California NAS2-10222 
13. Type of Report and Period Covered 
12. Sponsoring Aqt/ttcy Nlrne and Address Final Report National Aeronautics & Space Administration 
Washington, D.C. 20546 14. Sponsoring Agency Code 
15. Suppjementary Notes 
Technical Monitor - Herbert H. Hoy 
(415) 965-5646 or FTS 448-5646 
16. Abstract 
-
A Study Contract was awarded to LINK to develop data bases 
and/or real-time techniques to improve the realism of sea 
state, bow and stern wake, and ship motion. Experiments 
would be performed on the LINK Research Visual Simulator in 
their Sunnyvale Laboratory. 
.> 
17. Kev Words (Suggested by Author(sll 18. Distribution Statement 
LINK Simulator Unclassified - Unlimited 
VTOL/STOL Bow/Stern Wake 
3D Waves 
19. Security aauif. (of this report' 20. Security C'aSlif. (of this page' 21. No. of Pages I 22. Price . 
Unclassified Unclassified 37 
'For ,,'e by the Nationa' TechniCll 'nformation Service, Springfie'd. Virginia 22161 
End of Document 
